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Endovascular Repair of Aortic Rupture
I. Van Herzeele, F. Vermassen, C. Durieux, C. Randon and J. De Roose
Department of Thoracic and Vascular Surgery, Ghent University Hospital, Ghent, Belgium
Objectives: to report a single centre experience with endovascular repair of ruptures of the descending thoracic and
abdominal aorta.
Design: retrospective non-randomised study in a university hospital.
Material and methods: between February 1997 and October 2002, endovascular repair of the aorta was performed on 125
occasions. In 20 cases, this was done as an emergency (nine ruptured infrarenal aortic aneurysms and 11 descending
thoracic aortic ruptures). All patients underwent spiral computed tomographic angiography to assess the feasibility of
endovascular repair and the size of the endoprosthesis.
Results: endovascular repair was successfully completed in all patients. Primary conversion to open repair was not
necessary. Postoperative 30-day mortality was 5/20 (25%). There were major complications in 12/20 patients. No ruptures
of the aneurysms occurred postoperatively. No primary endoleaks occurred, but in 4/20 (20%) secondary surgical
interventions were required after a median follow-up of 12 months (range 1±42 months).
Conclusion: our early experience shows the feasibility of this technique with early results that compare favourably to those
of emergency open repair. Further studies are required to assess the long-term efficacy.
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Introduction
Aortic rupture due to trauma, aneurysm or dissection,
is associated with a community-based mortality of
80±90%.1±3,6±8 Although great strides have been
achieved during the past decades by improving
anaesthetic and surgical techniques, postoperative
morbidity and mortality remain high. The affected
population is usually of an older age with a variety of
comorbidities that have an adverse impact on outcome.
Endoluminal repair may offer an alternative to con-
ventional surgery.4 Although, the long-term reliability
of stent-grafts is hotly debated, their use may be justi-
fied in patients who present with an unacceptably
high risk for open repair.5 EVAR has the advantage
of at least diminishing the physiological stress due to
the operative procedure itself.9
For these reasons, we decided to manage patients
with a ruptured aorta by means of stent-graft place-
ment whenever possible. We report our five-year
experience (the majority was performed during the




Between February 1997 and October 2002, 125 patients
underwent endovascular repair of the aorta in our
department. Of these 20 (16%) were treated as an
emergency for an aortic rupture. Nine patients were
treated because of a ruptured infra-renal aortic aneur-
ysm, two suffered from a para-anastomotic pseudo-
aneurysm and one had an aorto-enteric fistula. Eleven
patients underwent endovascular repair of the des-
cending thoracic aorta because of traumatic rupture
(n 3), a rupture of a descending thoracic aneurysm
(n 5) and rupture of a type B dissection (n 3).
Patients were referred from a variety of sources
including the local community and other vascular
units. Patients from other hospitals were considered
unfit for conventional open repair and were referred
specifically for consideration of endovascular treat-
ment; 14 of our 20 (70%) patients were referred from
another hospital. The median duration of symptoms
prior to admission was 24 h (1 h±5 days).
During the study period 68 patients underwent an
open repair for aortic rupture: 40 were treated because
of a ruptured infrarenal aortic aneurysm, 6 suffered
from an aorto-enteric fistula, 14 underwent repair
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because of traumatic rupture of the descending thor-
acic aorta and 8 were treated because of rupture of a
thoracic or thoraco-abdominal aneurysm (Fig. 1). The
choice of endovascular repair was dependent on the
availability of the endografts (which increased during
the study period), the suitability for endovascular
repair and the surgeon's preference. All patients
underwent spiral-computed angiography (CTA) of
the aorta. The diagnosis of ruptured aorta was con-
firmed on CTA and the morphology was assessed for
suitability for endovascular therapy. Informed consent
for endovascular repair was obtained from the patient
or his relatives.
Operative technique
All the endovascular repairs were performed in the
operating room under fluoroscopic control, using a
mobile digital C-arm image intensifier. For the thor-
acic cases, transoesophageal echocardiography (TEE)
was also used. All patients were treated under general
anaesthesia, with invasive radial and, if necessary,
pulmonary artery monitoring. For fluid management
in aortic rupture, the rule of `` as little fluid as possible''
was applied. Nitroprusside was often used to treat a
systolic blood pressure higher than 100 mmHg.
One or both femoral arteries were exposed, an intro-
ducer sheath 7 Fr was used for cannulation of the
artery, and a 0.035 terumo guidewire was introduced
under fluoroscopic control, followed by a 5 or 6 Fr
pigtail catheter. Most patients received heparin
(5000 IU) intravenously. Digital substraction angio-
graphy in breath-hold technique was performed to
visualize the anatomy of the aorta and the level of
the renal arteries, or the left common carotid and left
subclavian artery.
An exchange for a 260 cm Amplatz superstiff wire
was performed over which the stent graft was intro-
duced following exchange of the access sheath.
We oversized the stents for 10±20% compared to
the diameter of the aortic neck on CT scanning for
adequate fixation. The prosthesis was deployed with
breath-hold and lowering of the patient's blood pres-
sure, especially in the thoracic aortic ruptures, by
means of nitroprusside. If indicated, a polymeric bal-
loon was inflated to obtain optimal sealing of the stent
graft. A completion angiogram in breath-hold tech-
nique was obtained in each patient.
A total of 18 thoracic stent grafts were implanted in
eleven patients. The devices used included 1 Aneurx
device (Medtronic), 2 Gore TAG devices (W.L. Gore)
and 15 Talent (Medtronic) devices in the remaining
eight patients. In the abdominal aortic ruptures
(n 9), the endograft consisted of a bifurcated device
in three patients, a straight tube in one patient and an
aorto-uni-iliac device in five patients. The contralat-
eral common iliac artery was obliterated by means of
an occluder and a femoro-femoral bypass was per-
formed in four patients (Fig. 2). The devices used
included 3 Vanguard (Boston Scientific), 1 Excluder
(W.L. Gore) and 5 Talent (Medtronic). The type of
stent graft was selected upon availability and sur-
geon's preference.
Fig. 1. Preoperative CT-scan of a ruptured infrarenal aortic
aneurysm after previous endovascular repair.
Fig. 2. Postoperative CT-scan after insertion of an aorto-uni-iliac
endoprosthesis with an occluder.
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Routine surveillance was done according to the
Eurostar protocol, including contrast-enhanced spiral
CT scans prior to discharge and at 3, 6, 12 and 18
months after the procedure and yearly thereafter. An
X-ray of the abdomen or thorax was taken yearly.
Results
Infrarenal aorta
All nine patients were men, with a median age of 70
years (range 53±77 years), median duration of symp-
toms of 24 h (1±72 h), and median transfer delay of 6 h.
The median aneurysm diameter was 80 mm (range
42±90 mm). In two patients, free blood was present in
the abdominal cavity and seven patients had a rup-
tured contained aneurysm. Five patients were in
shock with a systolic blood pressure 570 mmHg and
one had a systolic blood pressure below 50 mmHg
(Figs 1 and 2). The median duration of EVAR was
150 min (range 80±420 min).
EVAR was completed successfully in all patients.
One patient, who was treated with an aorto-uni-iliac
device with femoro-femoral bypass because of a rup-
tured aorto-iliac aneurysm, required an immediate
laparatomy because of a proximal type IA endoleak.
A Dacron sling was placed around the proximal aorta
to control the endoleak and the left internal iliac
aneurysm was oversewn. No iliac arteries or renal
arteries were blocked in the remaining patients. Two
type II endoleaks were present. Device related or
arterial complications did not occur.
Postoperatively, all patients were admitted to the
ICU, median stay was five days (range 1±17 days)
and the median hospital stay (including ICU) was
15 days (range 5±62 days). There were two secondary
interventions in the peri-operative period. One patient
suffered from an abdominal compartment syndrome,
which was treated by a translumbar extraperitoneal
decompression the day after EVAR. Another patient
with only one functional kidney developed acute
tubular necrosis. Duplex scanning suggested a tight
stenosis of the right renal artery. Angiography per-
formed three weeks later failed to visualise the sten-
osis caused by the stent due to projection interference.
It was impossible to get a guide wire or any angio-
graphic catheter through the ostium and so a hepato-
renal bypass was performed with saphenous vein.
Several weeks later he suffered from biliary periton-
itis, laparatomy was performed and showed an iatro-
genic perforation of the common bile duct. This
was treated but the patient died shortly afterwards.
Other major complications were pneumonia (n 2), a
pseudoaneurysm of the brachial artery (n 1), which
was used to perform an angiogram preoperatively
and cardiac decompensation (n 2). There was one
other postoperative death due to massive lung embol-
ism and multiple organ failure 17 days postopera-
tively in a patient who developed paraplegia after
both internal iliac arteries were blocked intentionally
during repair of a ruptured abdominal aorto-iliac
aneurysm.
At follow-up, two other patients had died. One
patient died because of recurrent pneumonia,
42 months after EVAR. The other patient died of a
recurrent aortoduodenal fistula with bleeding, 27
months after EVAR. The endoprosthesis was
explanted and a cryopreserved aortic allograft bifur-
cation was implanted but he died of multiorgan fail-
ure. One patient was lost from follow-up. The
remaining four patients are alive with a CT follow-
up of 3±18 months. CTA examination has revealed
that all four aneurysms are successfully excluded,
without endoleaks. No further secondary interven-
tions were required after the perioperative period
and no secondary rupture of an aneurysm has
occurred.
Descending thoracic aorta
There were seven men and two women with a median
age of 77 years (range 27±83 years), median duration
of symptoms 48 h (range 2 h±5 days), median transfer
delay 48 h (range 1 h±5 days). Nine patients belonged
to the ASA IV±V group. In all patients preoperatively
CTA was taken, in four patients aortography was per-
formed and TEE in three patients. Four patients were
in shock (systolic blood pressure 570 mmHg) (Figs 3
and 4). The median duration of EVAR was 110 min
(range 75±360 min).
In all patients, the stent grafts were successfully
deployed in the intended position. Conversion to
open procedure was not necessary. Technical success
was achieved in all patients with exclusion of the
aneurysm, coverage of the entry tear of the dissection
and increase of the true aortic lumen. At completion
angiography no endoleaks were observed. In five
patients, the left subclavian artery was covered but
only one patient required a subclavian-carotid bypass.
In one patient, who was unfit for conventional open
repair, a free rupture of the thoracic aneurysm
occurred intraoperatively. In another patient the sec-
ond stent graft was misplaced because of losing the
position of the Amplatz guide wire, which should
normally stay in place in the ascending aorta. This
occurred during open repair of a perforated iliac
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artery. It was resolved by inserting two other stent
grafts who compressed the wrongly placed endo-
prosthesis. A total of four stent grafts were, therefore,
placed in this patient. In two patients perforation of
the iliac artery occurred during manipulation of the
device and an urgent retroperitoneal approach was
made to repair the iliac artery.
Postoperatively, all patients were admitted to the
ICU, the median stay was seven days (range 2±28
days) and the median hospital stay (including ICU)
was 20 days (range 10±47 days). Three patients
required open decompression of the pleural hema-
toma, two by means of a thoracoscopy, one by means
of a chest tube. Two other secondary interventions
were performed in the perioperative period. In one
patient on chronic hemodialysis a retroperitoneal
hematoma occurred at the introduction site (left iliac
artery). This was explored but no active bleeding was
found and he died on day 20.
The other patient, with intra-operative rupture of
the thoracic aneurysm, had ischemia of his right leg
(after iliofemoral bypass because of perforation of the
iliac artery). Thrombectomy was performed but as
there was no outflow an above knee amputation was
done. He died on the third postoperative day.
In the group treated because of ruptured thoracic
aortic aneurysms (RTAA), four out of five patients
died in the perioperative period after multiple organ
failure. Two of them have been described above.
Another suffered from pontine ischemia, in this
patient the left subclavian artery was covered by the
device and no bypass or transposition was performed.
They all belonged to ASA group IV or V and were all
unfit for open repair. Other major complications that
occurred were pneumonia,6 ATN,3 ileus after retro-
peritoneal approach,2 and cardiac failure.4 None of
the patients developed paraplegia.
At follow-up, the remaining seven patients are still
alive (median duration of follow up nine months,
range 1±12 months). The three patients treated
because of a type B dissection with ruptured aneur-
ysm are symptom free. In one patient, there is a
type IA endoleak but the aneurysm remains stable in
diameter. The other two patients show complete
thrombosis of the false lumen in the thoracic aorta
and an increase of the true lumen of the aorta. The
only patient alive after endovascular repair of an
RTAA has a completely excluded aneurysm with no
endoleak on his CT scan at I month.
Discussion
Endovascular repair for rupture of the abdominal
aorta was first described in 199410 but only recently
some larger series were published.11±14 This seems
surprising because the potential gain in reduced
mortality and morbidity seems much higher in rup-
tures than in elective repair.13 Although in one of
these series mortality was still elevated (45% in
21 patients),11 three other series showed favourable
and consistent results with mortality rates of 12±17%
in series of 21±25 patients.12±14 Our results are in line
with these favourable results, with a 30 day mortality
rate of 11% (1/9).
Fig. 3. Preoperative CT-scan in an acute type B dissection with
rupture.
Fig. 4. Postoperative CT-scan after endovascular repair.
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The feasibility of endovascular repair for aneurysms
of the descending thoracic aorta was first reported by
Dake in 1994.15 This was followed by several reports
describing the use of endografts in traumatic ruptures
and type B dissections16±18 (Fig. 3). In traumatic rup-
tures the use of endografts seems attractive thanks to
its simplicity especially in multiple traumatized
patients. However, doubt still exists concerning the
long term durability and integrity of these endografts
especially in young patients. In patients with ruptured
thoracic aneurysms or rupture after acute dissection
comorbidity and perioperative mortality is even high-
er than in ruptured abdominal aneurysms. In three
series of ruptured thoracic aorta (traumatic rupture
combined with ruptured aneurysms) treated with
endografts mortality was 1/10,19 2/1116 and 1/16,14
respectively. In our series all patients with traumatic
rupture and rupture due to acute type B dissection3
survived. We had a high mortality in patients with
ruptured atherosclerotic aneurysms (4/5) but it has
to be noted that all these patients belonged preopera-
tively to ASA-class IV and were unfit for open repair.
One of the major concerns regarding endovascular
treatment in these emergency situations is the time
delay during preoperative work-up. Accurate pre-
operative imaging is of paramount importance prior
to successful endovascular exclusion of an aortic rup-
ture. Contrast-enhanced spiral computed tomography
is the gold standard imaging modality. Sole reliance
on intra-operative imaging would appear attractive
for patients undergoing endovascular treatment,
however, confirmation of rupture and accurate inter-
pretation of aortic morphology are not assured by
intraoperative angiography, nor does it provide suffi-
cient information for accurate endograft sizing.20 Sev-
eral studies show that preoperative delay and transfer
to a regional vascular unit does not necessarily preju-
dice the outcome of patients undergoing open repair.
As we are able to obtain a spiral CT-scan within
15 min thanks to the location of the CT-scan within
the emergency department this delay was not consi-
dered a significant contra-indication to endovascular
repair.
Local anaesthesia during endovascular repair may
prevent some of the adverse cardiovascular and
respiratory features of general anaesthesia. Muscular
relaxation resulting in loss of tamponade and hypo-
tension is one of the most significant complications.
EVAR may avoid this problem if the operation is
performed under local anaesthesia.20 Early reports
on the feasibility of local anaesthesia have proven
contradictory.11,21 In our experience, the severe pain
and discomfort associated with aortic rupture makes
it very difficult for the patient to keep still during the
procedure. Therefore, we prefer to perform the repair
under slight general anaesthesia without muscle
relaxation.
Because the sheaths for delivery of the endoprosth-
eses are quite large in diameter, especially in thoracic
endografts, there is a risk of perforation of the iliac
artery used for access, especially if that artery is exces-
sively tortuous, stenosed or calicified. In these cases a
retroperitoneal access to the common iliac artery
should deliberately be chosen.22 In our experience,
four patients (20%) had a complicated inguinal intro-
duction of the device, necessitating an alternative
arterial access (retroperitoneal iliac artery) or emer-
gency iliac artery repair.
As the retroperitoneal hematoma is left untreated in
endovascular repair, ileus is a frequent complication.
If huge, some patients may even develop an abdom-
inal compartment syndrome.12 This should be treated
by translumbar extraperitoneal decompression in the
days following the initial procedure as was necessary
in one of our patients. The presence of endoleaks is a
major concern after the treatment of ruptured aortas
as these might be responsible for continued bleeding.
Strangely enough this does not seem to be an issue in
clinical practice. The presence of the retroperitoneal
hematoma might contribute to the sealing of the lum-
bars and other sidebranches.
In summary the endovascular approach to the man-
agement of aortic rupture appears an attractive one
and our preliminary results seem promising. How-
ever, questions remain regarding the cost, genera-
lisibility, efficacy and durability of the technique.
Whether the endovascular method will prove to be a
valuable alternative to open repair, will only be
answered by further experience, longer follow-up
and properly conducted clinical trials.
References
1 Fabian TC, Richardson JD, Croce MA et al. Prospective study
of blunt aortic injury: Multicenter Trial of the American Associa-
tion for the Surgery of Trauma. J Trauma 1997; 42: 374±380.
2 Heller JA, Weinberg A, Arons R et al. Two decades of abdom-
inal aortic aneurysm repair: have we made any progress? J Vasc
Surg 2000; 32: 1091±1100.
3 Johansson G, Swednborg J. Little impact of elective surgery on
the incidence nad mortality of ruptured aortic aneurysms. Eur J
Vasc Surg 1994; 8: 489±493.
4 Brewster DC. Presidential adress: what would you do if it were
your father? Reflections on endovascular abdominal aortic
aneurysm repair. J Vasc Surg 2001; 33: 1139±1147.
5 Kline RG, D Angelo AJ, Cohen JR. Factors that affect the
survival rate of patients with ruptured abdominal aortic aneur-
ysms. J Vasc Surg 1997; 26: 939±945.
6 Noel AA, Gloviczki P, Cherry Jr. KJ et al. Ruptured abdominal
aortic aneurysms: the excessive mortality rate of conventional
repair. J Vasc Surg 2001; 34: 41±46.
Endovascular Repair of Aortic Rupture 315
Eur J Vasc Endovasc Surg Vol 26, September 2003
7 Van Dongen HP, Leusink JA, Moll FL et al. Ruptured abdom-
inal aortic aneurysms: factors influencing postoperative mortal-
ity and long-term survival. Eur J Vasc Endovasc Surg 1998; 15:
62±66.
8 Kantonen I, Lepantalo M, Brommels M et al. Mortality in
ruptured abdominal aortic aneurysms. The Finn Vasc Study
Group. Eur J Vasc Endovasc Surg 1999; 17: 208±212.
9 Cuypers PWM, Gardien M, Buth J et al. Randomized study
comparing cardiac response in endovascular and open abdom-
inal aortic aneurysm repair. Br J Surg 2001; 88: 1059±1065.
10 Yusuf SW, Whitaker SC, Chuter TA, Wenham PW,
Hopkinson BR. Emergency endovascular repair of leaking aortic
aneurysm. Lancet 1994; 344(8397): 1645.
11 Hinchliffe RJ, Yusuf SW, Macierewicz JA et al. Endovascular
repair of ruptured abdominal aortic aneurysma challenge to
open repair? Results of a single center experience in 20 patients.
Eur J Vasc Endovasc Surg 2001; 22: 528±534.
12 Veith FJ, Okhi T. Endovascular approaches to ruptured
infrarenal aortic aneurysms. J Cardiovasc Surg 2002; 43:
369±378.
13 Yilmaz N, Peppelenbosch N, Cuypers PWM et al. Emergency
treatment of symptomatic or ruptured abdominal aortic aneur-
ysms: the role of endovascular repair. J Endovasc Ther 2002; 9:
449±457.
14 Orend KH, Kotsis T, Scharrer-Palmer R et al. Endovascular
repair of aortic rupture due to trauma and aneurysm. Eur J Vasc
Endovasc Surg 2002; 23: 61±67.
15 Dake M, Miller G, Semba C et al. Transluminal placement of
endovascular stent-grafts for the treatment of descending thor-
acic aortic aneurysms. N Engl J Med 1994; 331: 1729±1734.
16 Semba CP, Kato N, Kee ST et al. Acute rupture of the descending
thoracic aorta: repair with use of endovascular stent-grafts. J Vasc
Interv Radiol 1997; 8: 337±342.
17 Nienaber C, Fattori R, Lund G et al. Nonsurgical reconstruc-
tion of thoracic aortic dissection by stent-graft placement. N Engl
J Med 1999; 340: 1539±1545.
18 Dake M, Kato N, Mitchell R et al. Endovascular stent-graft
placement for the treatment of acute aortic dissection. N Engl J
Med 1999; 340: 1546±1552.
19 Alric P, Berthet JP, Branchereau P, Veerapen R, Marty-Ane CH.
Endovascular repair for acute rupture of the descending thoracic
aorta. J Endovasc Ther 2002; 9(Suppl. 2): II51±II59.
20 Hinchliffe RJ, Hopkinson BR. Ruptured abdominal aortic
aneurysm. Time for a new approach. J Cardiovasc Surg 2002; 43:
345±347.
21 Lachat M, Pfammatter T, Bernhard E et al. Successful endo-
vascular repair of a leaking abdominal aortic aneurysm under
local anesthesia. Swiss Surg 2001; 7: 86±89.
22 Heijmen RH, Deblier IG, Moll FL et al. Endovascular stent-
grafting for descending thoracic aortic aneurysms. Eur J Cardi-
othorac Surg 2002; 21: 5±9.
Accepted 12 May 2003
316 I. Van Herzeele et al.
Eur J Vasc Endovasc Surg Vol 26, September 2003
